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Abstract 



A fully programmable, graphics microprocessor is disclosed which is designed to be embodied in a removable 
external memory unit for connection with a host information processing system. In an exemplary embodiment, 
a video game system is described including a host video game system and a pluggable video game cartridge 
housing the graphics microprocessor. The game cartridge also includes a read-only program memory (ROM) 
and a random-access memory (RAM). The graphics coprocessor operates in conjunction with a three bus 
architecture embodied on the game cartridge. The graphics processor using this bus architecture may execute 
programs from either the program ROM, external RAM or its own internal cache RAM. The fully user 
programmable graphics coprocessor has an instruction set which is designed to efficiently implement 
arithmetic operations associated with 3-D graphics and, for example, includes special instructions executed by 
dedicated hardware for plotting individual pixels in the host video game system's character mapped display 
which, from the programmer's point of view, creates a "virtual" bit map by permitting the addressing of 
individual pixels - even though the host system is character based. The graphics coprocessor interacts with 
the host coprocessor such that the graphics coprocessor's 16 general registers are accessible to the host 
processor at all times. 
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(414). 
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tfflfifc RAM #|£ $ RAM &ft|&(88>. 

35. -#B#*kS*<2),t£±&S*fc<20), #fifr**B# 
*§#ft«####(10), *o|*t#l#^#&J£( RAM )<6,8)-&ft 
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38. 37 &#ft£^#f«T^ 
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&£&(52), ^W*P#1*#fi*|*(88)^^*Wff^#1»*#3l 
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&3l£«fc*#B#&3£"tt** ! ] , ! , Tfr (ftSA***A 1248- 



9 
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( ifc # # M * &* (texture mapping) ) . 

*ThftaMl:**Xafcl6ft&«#. &*16*A«7#fc*fc 

1.6fc*fc#*to#3&*7A* 3 -D 

***ft**ft#*A£**-f£iiL#ftB#. 

***&fr, fc*&£**#*h*]#g. 

«R fc5 ±* A«*Mi*tt3Mr**t*ft § 0r£tf- ft & ®£ A ft 

«ff#***ih£fl. ^r?a#I']£^&ftM. flfr, 

*ft 8 M T &#^ftff #ttfM0**p#ftitt*»#*tt# # 
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ROM + , Sift, $fcg#4atit#/B*flft 

11 



1* i#£&£&fij RAM tf, 16 ftiL#l&#rt#J3 

+ N- Pi 4§ *f 'I ft ROM. , ffi JSMiS # 

•jM -# # £ ?i ft a*! f ##(^ £ , ^ fll * f# 

H]fe^#3A*.*TflittftfW. 
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*tf*J£A«#Tt**R15. 

^4tAWRAM 0#<8tore-back)#4.*J!ll*#4. 

^ RAM $di#;3##&#fT&#£> ^E®^^^S#t ft RAM 
gfl#£#fiftJ:*4lLflft RAM &:y:#&&j£$r&##lEl#& 

% t £— & * & — 'N? 1 m £ # £ n 

tiait'fJ/fi#->T- RAM 3£-ff-f sl#&*&£l£ ^ 

:-!£^2l##-£RAM (Mario chip)*?? 

3^7 16 4^#H> R0-R15, #-#*R0**f 4#4- + #^2£^ 

R15 4F##RU 
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A. &3&&£&#31&3l&&£, ROM- RAM 

#A£JM"G<&fT*&*#ROM,**RAM uSt^ft^if £ 

£#RAM#a#. 

ROM RAM afcfrfrffi. • 

g-M#:#7xtROM ram #!3i£;M^T , ^^f^^ 
±. **t«*TO;(?H£;tf ROM ##rae(«**ts&--- + $f#€# 

ROM 5? iik k W X ft RAM iL±&2f#tjr ft -£#^i*f ^ 

^Jl;= RAM's i&. 4Jf #: & i * 2g J| .£ g # &#S#iE&fT& J? 

ROM ROM ^ff 4^1, 

^ ±^*f#^>t^^r RAM 

« # * -ft # 9 & *t g # * RAM.if ft:g# .m. 

RAM »/r§^#^,|,, ££##9$ttft3#'&&£l«'.<f 

RAM #|5l#ttj$.fcp?, S*Aa^/tX^*#a^3#*7cR 
J: # ROM jfu RAM, 
*^B^^S^^^S#^it^#^t^^#^^RAM tftfc 
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J£» £p#&RAM ^sfrj&RAM. 
Si 

Si 

15 



9 > - 

9 9 £9 4A#r*#RAM &fcl&#3£#£B#4l9i 
9 9A*ii}#£9 9 $ft7f$l RAM 

9 10 * 9 9 Jft* ft «*9 ; 

9 11 ^^^B^s^^^s^^^^'li^ife^t^^lfl^^^ 

9; 

9 l3**jfcW9#1jMta#ft ROM £#JH#£#&#3f* 

9; 

9 14 ft***ifcW^^tt**«l^9^^S#^i«*a 

s i5A ^?dafMi*fi#^*^*^^^ 

^9; 

9 15B ISA t#7fcTT&£#Xflr# 3<7^^-i4^3t 

9 16 *n 17 *^&.r^5 T«&$*&'i££;&$#9$&*tg&ft 
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9 19,20 *i 21 *;?? ijt-Jt & 91 * *T 4 # 

(Super NES)# 16 ft * Zftffi . £ * 
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«*lWl*4^10Bft*^t**j(F07/65i;265.M*-a*A 
SHI'****** 1991 #8 A 26> ******* Q7/749, 

530 ^M^-^Mft^^ji^^^^^^^^^^^ 

Super NES#*#£j3, STGOB-f JM 

* ft# «M)U AM *. 

£ # jfT -Mario (Mario Chip)*. @ + # 

£#Mario ^^^ittM + t.Ailfa^XM™^* 
*5S##»**±*S#;fc:££, # Mario 

^#^-§-#&fiJj£#i£ifc Super NESil£#j£. i 
Super NES £ # ##£#g^#£# 9 

ft#*ffctt*jfcfl, K#«^±# Mario ^(B^ft 
* S * )2 '* 100 ^ 128 mm&*L%%%. Mario 
A±A«^jt<«^ Super NES)*«r««J.*iI:fr*#fir^. fl*,, 
Mario P112 & ±ft«^ * fi^ 21 MHz tf#&A, 

«##Pil7*ftTTe(iiF'21 Mrfc(**-ff;^*)#*atf # ||. 
A. #*&Bf##A#J*P *J*jf!;fcfr Mario -f ± CPU # 

Mario £#2i££#^i£K##^##^ A( ^$ 

21 MHz jC w of # ^ ^ ^ 5* MarioCPU . 

31 CPU ft*ikfrA(HA)A3-a2*|ft (^^ Super NES/S 



17 



rTU) P37 1&#"P62 Mario 

2. *&±^«^*#'*A : ('HD)^*A±CPU 
P65— P72 Mario 2. £ # Mario 2 £ P119 A 

3i CPU RFSH, P118 , 

fiffjft P104.P105 9 A**HiT*. # Mario 
*-*T*#flr* IRQ IRQ P120i£gf!j Super 

NES. 4fc *A Super NES S*#fc«MHflr*, *l #£&J# P106 g 
& *T£##±a# ROM 10 ft ROM SEL fir*. 

Super NES W^iEAi #*tAft iti H O ^ jtftH R 

%9t^VX%&m*?m USP 4,799,635 *iU#2P*r', #^*J&it?l 

Mario RAM * & & & (RAM AK& RAM 

P74— P91 *P RAM ffc#ift(RAM D)&&&## P93— P100 £ 
RAM 6 RAM 8 it* RAM ^ l^^jJfl^H'J^&U' P90— 

P9i ^#i^^T*it^^!Jfi"itifestflr-9-<RAS, CAS)#fT3P#g$ # 

RAM *&ft#&RAM,i2; 

P90 fp P91 ft 

%T. #*4hflr#^*i"Jtff]4.S'*RAM.^^9A**Hlr^ we 

"5Ti£*i$ P107 ^^fj RAM 6 *p RAM8. 

fc,af &*H!r*(R.w)ib± cpu P104 # P105 

J? Mario Mario itit&fj Aft^ A&&#$ 

t Super NES CPU #fg&fr • 
& ±-tH^J9f**ifcftfr**lft#*^*A" Mario K$g 
SCPU Jft*$ff#i*f^r& Mario ft ROM # RAM 4st 

if ^«<J«J, ##tC3£S'J#£ft#te£S. &&3r®,ROM^ 
iki£ ROM *p P2 5 P26 ROM10 ffi 
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RAM 4fe&&ttlrP74 1 P91 4 RAM 6 ft RAM8 A± CPU 
?ti*#ROM fa RAM #}&ftA^J?'j&ROM #&&£fa## P28 
-P35 &g ROM10 fag RAM &&&*fcfa4f# P93 £ P100 J? i£ 
f!| RAM6 fa RAM8. 

£#^iOl Mario & T ^ &£#f3£# ROM fa RAM 

Mario 5 *M CD ROM ft £tiiWb%&-&$L% . 

H-r + *A*/rROM 10, M^^^ CD ROM (£9 

CD #1&<&*E*)# Mario 2 £ 

# & & P28 — P35 S«f CD #l£fa CD ROM jfc 

#tti£¥ifr&Gm?&*&&*##&XA&k%MfrH. cd 

f, ^#^*-CDROM *iBN-RIfc#**ROM 

£0 1 Mario ROM & 

£0fe&ROM ft£ft,ROM Jfeih'tt^lSW'tD.RAM 
RAM. *"^il,*#lfc^««ft)^±Aa#A4l(^#±^*a:ft, 
*# ****** ft 

Mario ^>|-ft^A^*4**ft*^e(ftft#'±*.*it^® • 
Mario &#^£^ROM tf, 3 tf&gg £ & 

Mtfft RAM :f A3*h#&&, B®ft*#***fta*^ 

&TM^#-ftWM#» Mario 2 
16 fagftf i£i£it;$^ 8##ROM 10faRAM6.RAM8 
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n . * * . .M* ft* fB%&isti../k ROM 

10 *JB.*»5 A RAM 6.RAM8 ftV***^-******* 

#|^ife, ; Mario &>j- 2 *BU!l CD ROM ###4^ 
###^&^ARAM6,RAM8 KfcKJfiit DMA 
#**2fc)#i4*l±#£*<fl* Super NES ftSfc^g^x 
PPU)ftfflfcRAM + .***«Mft&*AI*«**l3ttf Mario 

2 $*r4&£&ii RAM ft#te*P##&# CD ROM 

FPU ft fflfc.RAM. 

& CD ROM' ft $ tfHSF* # W « * . ife Mario 2 fc ft ft 

tffi^CDROMi**^ 

r****«***AA*^^*Bft.4ACD ROM%££#ft 
Mario 2 i£J3 #$ftft&#|&£ *#*ft*#r & 
J5ff N-Wfcir*ffl*A8*JJflfeii!lft«##. Mario 2 $ 21 
MHz BrtM**$*TX#, Mario 2 M W !*J £ J* 

#"&&&i£i£RAM6,RAM8. 

ifc#*A*ft**fr***#(«ff#**)**ilftCD 
ROM Mario 2 ^frlfclir^^. #& 

#*1?ft*»4SF**filJL**l«/K Bflff**#^-feft#*BtP(Ift 
* Mario #>U&ffr*ftffltf. ±®^#;l#J*P 
Super NESPPU?e**tff**Aaft*. #^£--#ffc 

jSr#fSJ*. Mario 2 ^WW^HKfft^* 
&CDROM#*ft#. 

ft 12&«flR &&£|£*«*4L* H ft&«*&&BHHfcft$ 

RAM ft^^-^SCVsRAM)^^^ RAM tftfifc^-f- RAMCS # 
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£ fe& 16 4 RAM &^#2| 

^t. Mario *>f^ih^||iti$ij RAM6*pRAM8. #W££#j£;frp 

n , tin***** # 

Mario Mario (£ &ft% 

^#£47 Mario 
*#*#**JIAM ft. Mario 

Mario *#*aia;iifc4$E#ifc£*H, Mibi. j6 

Mario ttifcii-ftfttf , fc^ii^M* f-* H £H 

Aft^. fl*P. RAM 

30 MHz, Wn'AKft*^**^ 15 MHz#&#|j€ 

ttttftJMt&NKB. -9 2 £ B **« ft 

Super NES. fe*^W^Rf ^ Super NES ffl 2 

# Super NES £ 20 rt4&#«*»^G(* 65816 

&SS#16#±CPU.CPU22 $«**T8('fe&#flf** 128 K £ 
1T#X#RAM 32#:£. CPU22 # Sfc#€47G(PPU)24 
PPU X^fl*P 32K * #BfcRAM30 

CPU22 &#££*^ia£#l»ffliB#ffl£PPU24 tfBfcRAM & 
*T#*. &#.CPU 22 *E£PPU24 tfgfcRAM #m£i£fr£ 
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PPU24 ffl * RAM 30 #fr#* .PPU24 

CPU22 Xftfi APU26 tfxffr RAM28 #fr#* 
PPU24 * APU26 34 ^ M ^ 36 

Super NES MB* RAM30 * * * * ft ft j 

«>********«. m*0# f 

'•*.<t*flr**«^*A*#AjBmRAM30 ft. ^^ROMIO 

* CPU22 PPU ft#j| *± CPU *#A*JWU«*S* 

* . APU26 # ft ± CPU A ft* * * 4 ft 27 J| ^ . 
CPU22 Jfc&^fSJft^ii, *ft#ft# R0 M 10 

* 0 *m-**A 32K ROM 

#CPU *fc£L£lS| 0 #^CPU gggft 32K ^ITE&tfJMHfci- 
M*#X^ RAM32 *4M**#*#ifc. ROM10 4 
Super NES *#CPU22 ROM10 

+ , Mario Super NES 

Effl*#£ 24 ftJfcifcSH. $00 : 8000 

ROM10, iff J: ft RAM 6,8 « Aft * $ 70 . 0000 

£&##-fr_Lft ROM10 RAM6.RAM8 $ 
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±. -f&Clfeife* Mario &##fT##. RAM6,RAM8 
*&*&#ROM ft, Mario 

Mario Super NES *tt£4niFf|*J|ff#*, 

X# RAM 32 J$ PPU St. RAM 30 

Mario ^AltiMAttHf. 

Mario ft RAM 6.8 & NES CPU &frfrJk£$k 

Mario RAM 6,8 

ft .Mario $ *JS*£frS&#tt**#*K£ROM10 + , ft 
ft**** RAM6.RAM8 +. 

ftftJt Super NES ##ft ^ f 

RAM 6, RAM 8 +. *&±,RAM6,8 ##ft£|5]ft£:£, J0f#*# 
£#ft##E#RAM6,RAM8. ##$#$#£*£ 
Super NES RAM32 * . . 

Mario #X%\fi#.#L$L% Mario fcjfc-fr RAM6.RAM8 +. 
^i#-Wft**e,**<*itm-, * Super NES #g$T, €it 
DMA £3UJ PPU #SfcRAM30 *. 

Super NES $ CPU22 # Super NES & $!|£###f#plj^ 
RAM #fr##, M*™ Mari ° RAM 

5^ff ^F^t* &ffi!&^&CPU*£f|AMarioROM/RAM 
3? Super NES RAM iti±CPU 22%%1&^tt 

Mario -fr ROM10 # RAM6.RAM8 # 8tff# &A„ 

CPU 22&$*|'#-^CPU «*btf#3-£ROM ifnRAM 
£*T#3U £;fo£,i£&##ft*,T» Mario &A&£$f, 
CPU 22 + ROM RAM &#a£fr##o Mario 

*T*t#, ^^-5^CPU22#^^:#}{tROM ^RAM 

Mario 
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CPU 22 n$&'-&fr£M$:ti%ti3-ft RAM 32 #&j&;UMTt. 

Mario *TA Super NES CPU 

* . it & * * * A^S $ 00 « 3000 $ CPU22 #mes. 

*P B 2 #T*. Super NES £ Super 

NES CPU22 «*tg#ROM10 t t? c k-&Wfc¥ 
ROMSEL. £###ft#X*T. * Super NES 
RFSH. i Mario 1 «M£-f 3 5 Super 

NES CPU-#*.«r + tf**!*J:. CPU22 £ fr*/^****** 

* ft£ £ 20 * ** 21 iB Mr. 

Super NES £&#-&SE&g#& 25, •fcfcHUiWiUI #H B 
4tft USP 4,799,635 3 ft^iE 3 ££A£ I.* 
ft ft O R ±£&##.£S^*I USP 4,799,635 # A , ft 

25 & CPU 22 ft-f Jtft**Mlia*«*. 

£E 2-t^^r^^^^/T^SuperNES tftlMt ft&Jh* ft 
&fr± PPU24 £ A * Super NES , 

«*nret*1991#4^ 10 H^ft 07/651.265 ft 

4*!0#^*t* + .**»Super.NES^M+ilHftflrA^it 

614 8 /I 26 H******** 

^ 07/749,530 &m#"Sft*h2 * ft 1 4fr#H#JL*4»«** . 
ff^^^lP#^^ , '^^Sf^l*^ 1991 #11 /I 19 
3^*-**^-9- * 07/793,735 ftft*"**9 ft**«AJJfJ9 
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H 3 ^&gi*B 1 #f*ftMario &>j-*P#;$-frJ:&t&#ft# 
ft Super NES * £ 20 

19 1991 #■ 8 ^ 23 0 07/748,938 

B4A*P4B£^ffil + ft Mario 2 ft>NlB. + 
♦ ^•f ffl 4A # 4B f frM'&ft. *44ft INSTR *##*fW 

Mario 8 #&ft. X,Y * Z &ft£ 16 

Aft. HA&ft*24fcft±*ft*ih#ft. ££Tfr&#£;ife#Jt, 
ftJIJ Bi^.Super NES tt&tt&ftfeg. HD tfij Super 

NES ft*#Ai|#^*8ft«±^«*#4ft.PC Aft*#Mari- 
o &#ft#it**<V*;a4MF#*76 + #3f##R15)#&iiji& 
&£#i£lfc;fc##16#&ft. ROMA &ft£20ftROM Jfcih& 
ft . ROM D ft ft £ 8 # ROM & ft . RAM A ft * 16 -ft RAM 
RAMDIN & ft £ 8 & RAM *A*£&ft, RAMD 

OUT*ft,*8fcSAft#Aft. 

Mario Super NES RAM6.RAM8, &£<J£ 

Mario &#*J Super NES #3Lg#l1& . Super NES & 

3kaUft HA *>&#&ft HD # Mario Mario 

76 & Super NES & Super NES ft&^&ft HA #fr# 

o 
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Super NES ft Mario & # 2 #3* ROM10 ft 
RAM6xRAM8 #*. ROM 104 RAM £tl# 88 &»&fij 

* Super NES *#*MHI*» Sfc^jBI&Sl ROM * 

RAM tffc##--T>RAMi£*M^RAMCS * 

Mario Super NES RAM 4ifc, 

.^^B4AfP4B +^X,Y^Z&^f:^^^Mario 
Aft.X Y &ft£**#&fti& Z ft#&ftjj£@ ft* ft. && 

&fttt&i6ft#fr*#. 

£&ft#*N-» Mario 2 *tt##4J| *Sft#*£x ft 
/ ft Y &ftJbiff#*ft#**Z AftJ:. fl*, **fr#i**#* 

(ALU)50 .ft X *P Y \&&&*$n+X*&*(hfi*£ft#ML%.M 

Z. Aft (4115^*76 Mario #^-2 

4 60 ALU50 
Ai.*(ADD)il#. 

IE** tf.ffl 1 fclflJ*r&***P#. £ Mario 
ROM &ft % RAM &ft$i Super NES ±*Aft*#ff*il^#-f' 
ftifc. Mario 2 & « ft it ±* Super NES -&ft#4frtt'£4K& 

JE&&ft#l Super NES *fW«#fx ROM &ft*r# 

#*RAM Aft3tft#*. Super NES #ft + + , ±*L 

CPU ^kft^.ftH-ftl^ROM^RAM#^,it#RAM^ 

ROM *;Fft*#.fr*#*. 

***ifcWfilr-^BT, Mario 2&S 1 + #f*#ROM 
&ft*P RAM &ft£ Super NES &ft£4fr3l±£*f . Mario 2 
Super NES'ftfti:^t4!r*-9>, £ ft £ ^-f £ft * £ 
ROM &ft$i RAM &ft&J| ROM S^fr 
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RAM &ii£#ROM & ffc RAM Mario t^it^HJk 

ROM t£ iBfa l»J RAM ^A.^Eit^^^T. Mario *T l^^t 
ft##*tffilHiRAM #*N-H1ft#£MrROM ###&4fcX#rW 
ROM RAM 
EJf>jS4A, Mario ##£#®#&Hftj$#/£££a&g3£ 

#&#ALU 50. &7*&i*#iii#&&64ftft*p£iifc*#&& 

52 ALU50 Mario tftftflrK^ft^fW 

ft *»*.**,**.#^*ft*f^. *»H 4A J5f*. ALU 50 AX, 

BET 6 3ife-^i^i»'*ifcW ALU. 

Mario 2 £ «##&&*T 3 -D 

iff, Mario 2 52, t &###ft*ifc##£:y:£ 

***J* Super NES #&&^T 

^ 1 # X Y 
Mario &##fr*&g. 

^52^^^N-#^^*#^1t^^4iE^^^^^^#|«:^.^^ 
#*#Ht£fcA*-f ffl 2 Super NES Sift. RAM 30 + 
fltttf^JWtt*;*. Mario Su- 
per NES RAM 30 W£e*J: 

£&^,#±#x y £#^£^£#ft^£a#i£#, 

ftXj-^t X * Y JMr/8*«# Super NES 9 

ft RAM 30 fc#£ft^g£;fetffift*:[fc. 
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#4«# 52 RAM 

t£>+*>rf££ #fcRAM |EX 

^ Y 52 t £#£X&£Rt 

£#i£f<jaMS*RAM. 

52 PLOT X 56 PLOT Y 

58 X.Y B t . PLOT X $r PLOT Y 

<*Bmjtf*>«7* Mario 
#&(gp*^B 4B * 76 *#*#&R1 *P R2). 

52 54 AflTA. £T® 

52 *fcg£#-f ^k^iy X,Y *p£#&A####& 
##*feflat*l*#RAM 6.RAM 8. & 53 &f'J 

RAM gfU& 88 RAM &&&&RAM A.£###£&£ H 55. 
# 93 # RAM RAM D DUT i&fj RAM. * 

52lfcJ? Super NES $J® t 

46. RAM «fr#£4M#£*J#*iiMI 

J3$£±ffii|2j 07/749,530 ft£S**!l *** ft 

DMA Super NES #Bft RAM30. 52 

52 3££RAMD 

IN 82 ft #A*fc 83 ^-fs- RAM 6,RAM 8M^lf 

fc£X.Y Ittifctt*********. aHHLMARAM 6,RAM 
8 ram ft#*#*f 

^ttfttfRAM ft3A**lM*>K ^B4A*#RAM 
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80,84 *P86 5/!iJMWfc«****H«*^fc*#(t 
#££#52. 

RAM 4UM1#« 80 J£ Super NES 0 ffi Super 

NES RAM ##3t#3£ 80,82 *p 86 & 

RAM g#g.88£$l. RAM 84 # 86 $ & 

RAM 6, RAM 8 g RAM 6, RAM 8 $&3g&$J g $ 

*&£Z ^•fH«^###^76.t^M4r#*. iS^^ RAM 
ij[«i#88#^«##90Mot RAM RAM &fl#88 

*US 90 t ftjfc&g RAM A RAM 6,RAM 8 

44L.RAM g$J & 88 K * Super NES HA £fr# 

#£*#52:£tf&fcfl1M<READ.PIXEL)#4>, t«# 

4MMt**#*:fc76 #31*. #&^9 7,8A*P.8B#x 

ftWtf PLOT 52 . 

it******* 62 ALU &fJ#4:*M9# 60 £#4 & ft 

^#*AftM>*#Jfcfc*#. Mario 2 ££&ftfT£t#4 

##62 ##^**rj£#TS3fe£--^ 

ffl 4B #$###76 + #3p##Rl5)-+###it&# 

& Mario 2 ft*T ft #4"^ WA^f 9 1 + ft«# ROM 10 
3& Mario ft l*J#&#i&£## RAM 94 #5'J, 
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RAM6.RAM 8 #4. *P#j£AROM lOft^a*, ROM &$|& 
104<*-fH 4B + )#£JSt#*##t*f- Mario IN- 

&i$&£#RAM 95 t&A&fcit^ft&g^^a 

#3L CPU (BP Super NES) ftftft, ROM 10 
E# Mario Super NES Mario ##&fr- 

Mario &#a#fW#ROM 10 + 

ALU 50,#&## 52.Ai«^ft#£« 
Mario ^S&fc-'MsJ ALU50 ^fi|r^#ffll** 64. 

&-^$$#£$.&A£|^&J|64 ^M^Mk^TKf 

60 HdJ ftgfttt** 64. 64 4 

RiCflsft^), DREG (^&£)=Sreg*R6 

&£3P#&R4/DREG (fc/ifrft). ^^^^^-^-^#^32^^^ 
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R4[0-15]=SREG[0-7 ] * R6[0- 

7] 

#*2:X R4[0-15]=R4[0-»15]+256*SREG[8 
-15]»R6[0-7]. 8 ft, l£#g;&P&# 

$ft. 

#lt 3:X R5[0-15]=CY+(R6[8-15] * SREG[0 

-7])-r256,iP±#^ 0 

R4[0-15]=R4[0-15] + 256 ♦ SREG[0-7] * R6[8 
-15], 8 ft. 

#H5s Y ; t^#-f-,R5[0-15] = R5[O-15]+CY+SREG[0 
-7]+R6[8-15])-r256ij&P±#-§- - 

PM. 6: X,Y # ^#-f-,R5[0-15] = R5[0-15]+RY[8-15] 
. »R6[8— 15]. 

+ 64 a *nr 

1984 #*^^*^^^^^t^i+#^#^»t^f^^^^^ ( , 
#Jfc® 4B, Aff*ft#&*!&68(&B H t^'^fM® 

£ AA M RAM 94 . Jfc jft "A $ g ;n # (CACHE) "of * £ # 
^&S^#S + &£££#/>a##*F. Mario 
"CACHE"£^. frgfrflTCACHE #**£*$Afi 

i|g#RAM,!fiJ&^i&£#RAM CACHED 
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ROM ioJfP^RAM6.8 ft#4##&#.fTttfl£tr*ft* iB . at* 

&fi&&#RAM *a*-si2 it 

tMF94ftft*NifeHtfJ*ROM*RAM-#*." ■ 

«&£#RAM 92?KatSt4'fe*ff*#^*ifcT|-#N-, * 

t^J^ PLOT ^^(MTIlfcW)#^t^ARAM 6.RAM 8 

a^f- , hbH£*tA***#+£AROM 10 

ROM «t« Mario *X 

ROM 5fP RAM &3+###£B. 

#2**T*&##i*#ROM ^*e***«# 

RAM 94 6 fc, A ROM g$J<!& 

A cache 

RAM W**ROM 10. 

cache ff*ftK*4A&tt4rtfc*affff**v. **« 

■f 512 94. t^^JE^^X^, #*itfT 
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512 *1MUt***# 94 agfrffi * TftjR *#A ROM 10 ittf . it 

72 tfAft£ft# RAM 94 + 
*T#iR. Mario *^^^^|^^-jg^ 

#^«**AXtfcM***#RAM ftfrltf**,M0*ROM 
10 &*T. *T K 68 J£ Super NES ft Super NES 

Jfcttftft HA 96 RAM 

68 -5£#it*fc&&*| PC *ii'K£*&ffi 

# A ROM 10 £ jfa Jf tt#fr£#H# , Mario 
ff 4 ¥ A Hj RAM 6 , RAM 8.ft*fc. Mario £ # 
AJiJ RAM 6.RAM 8, t$t&%WjiP& RAM 88 + ft 

^a^M^^^it#^«fr^-^RAM 

3P#RAM %Ab%%t%ti®$:?ftfiJLft 0 

w^a, *A*^tff jr-^ABi-it-^ftAgft^^. 



FROM 
SM 
SM 
TO 

FROM 

ADD 

TO 



R8 

(R13) 

(R14) 

Rl . 

R2 

R3 

R4 



*#R8#A(R13) 
?#R0 #A(R14) 

»&fT:rl = r2+r3 
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FROM R5 

ADD R6 i#.*Tir4=r5+r6 

&i&M / NH&#^£#*&#7. A-f RAM j&HiEft^i* 



FROM 


R8 


i #R8#A(R13) 


SM 


(R13) 




TO 


Rl 




FROM 


R2 




ADD 


R3 


iftfT :rl=r2+r3 


TO 


R4 




FROM 


R5 




ADD 


R6 


;&*T:r4=r5+r6 


SM 


(R14) 


;#R0#A(R14) 



ram ;f a#mn-*t# 

TEttW fc#**4M*HMF#»3IS a*£J9ffl Air RAM dfc 

f #J£i£ 76 60 

^f-S 4B #j GET B(**1*>*##98;Mt!rtf0fsfcttJI 
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rfc*fl/B#*#ra#;tfftfi«rROM, K*&fxJlROM, 

76 t RH & g RU ft 

£#f#iR#*:U:&?fr#ROM $ RAM 

*PE4B#f^, $##RH ROM 104 ^-fcfa 

*N atftf;8r*ifr*##*Ri4 ROM 104 

*j-ROM #ROM ROM *#*!*ROMD 

* get b 98 1 

&%■ 100 £± g Z Bt^^AJfJ *##*-76 t ft**** 

- £&##£T. #e>AROM 

%*&&%*X*Q#&&$7$.fk#i&JLt.B, Mario 

# 102 A RAM 6, RAM 8 fcJfcdj 

£*#&#76 *&&# + *^l6#^##(Ro-R15). 

#R0-Rl3«^*#*(^^* + *a4f##fefe^-f t'afJ9f% 
Htt^flBft). *P_l:#fi£, *##Rl4iUfl{E£ ft 

#. SfclMfctf. ^#AROM (jftRANOftftiUAft.ftdJtt^ 

T N-#£>t&(GET B 98)6(4! 81 £ * GET L 

C*ft£ir>jftGETH(tti*£ir ##&R15 

^ R4 ttrt*fcjfr£-j(Ufc*aW4*#«##R4. 
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&frfc**L#*#*.R12 ft*.***. j3!l#^Rl3 ft£#Nt£# 
*:lift#**«a#tt*t*<Ri5>#.&&fT. -4T#* Rli 

R0-R15 &#1E5#,*T$!#£#4#&£, #4WI* 

60 R0-R15. *#*&|Jg* 78 #£SP 

+*##*J9f**fr#T-*#*# £#J^ ft. 78 
4W§A^###HitiaLijX^ Y Aft. JJrt, ivffi 4B#f*, 

78 ft&fcJT, R0-R15 A Z & ft gift 

ROM 104 - e Super NES Jfeih&ft HA 

g Mario ^^*4fc«^j!P*a:3ife^f#*. ROM gMM# i<>4 
® 13 + JCiN»*^iB. Jk ROM lO^JfcfttfATT&lJfcSlAltofc* 
# RAM 94 ttfcftatJfe&fr**. ROM 104 # RAM S*j 

Jg.108 *P£#£ Super NES Mario & fSf j$ff# 

Stt&fttt***;." 

*»..^af^3lfe-#%W^HP#. Mario ft $ 

(#]*P&^#3£# 76 t RAM 6>RAM 8 
Super NES CPU #*, 0 # 

^>^^#^,iE^#^#^^iU#^, << atfT(GO) , '#^(l^^ 
Mario fttfiE&at^T TfrJ 0 Mario jt 3S*T> ;ROM 

R14 

£ ALT1 #*,ALT2**,J[#1S*ir^i***1Sr#^, 

$f ^ o 
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4A*Pffl 4B + ###ffl#£;fc*ft Mario * Super 
NES* /I. ft Mario M 
g Super NES ROM 10 91 & 

* Super NES ft.9**> Mario AM4MriMia# £ * » # 
^+t**iliE. #ft##-T. USP 4,799,635 # 

*T£# Super NES CPU *^F£##&, fttfi? 
ft Super NES "^#**^iEAa#W^aa**afeff it 

Mario &#-###-F**rtt&. &&-i«J, Super NES 

ROM RAM i Super 

NES Mario #&g&;£*&fT®^&#j£&#i£# 

N". Super NES RAM ft Mario ^#&) + # 

Mario t>*frm$lft& ###fg&fr # Mario $ 

# #&&£A Mario #£#it&&. # * Mario 

g *ua Mario $>i-ft*fi*&ftJf'M# 

^ftfeimttfcftiMfcft. 

j&J3 Mario S***T*l^*ttlM* 
Super NES 128 ^f-SM. tt# 

Super Mario _t ^l^&^-f ©® » ##J*Pftttf] 

£ Mario T * Super NES JffT##ft#t&, &&fl 

STOP • # * , ^ 4 - + *f * * & I'i Super NES ft £ !* Mario & 

Mario Stf^/fl-f afrit^A***^******^^ 
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®-%%&?WW#lWtf 0 jp s ^ Super NES £ 

RAM « ROM &£lE& Mario StfftJ^tffc;^^^* 
«. Super NES *T & Mario ^#ff ^^fr^S . Sftqrft 

Super NES Mario RAM * ROM * £ #g 

«. Super NES S**a*ffA*-f ■ 2 * *7#Xtfr RA M 32 dJ * 

^i±#^f^#,fT^SuperNESa^Aa^ROM £ 
SflSf^X^RAM , Ifi^j&fttflij Mario %M<&ft%J?, 

*^B5 t^^a®^^iB^^^Mario^>{-AROM^^f# 
£#&*h*t£##&frft^ W *± CPU (Qjti Super NES CPU) #f 
* *T#"3£fT Mario (RUN MARIO) *%%$j&ft)®fr 0 &% 5 ft% 

«r«^a*-***#*«^A«^ ROM 10 2 * 

#X# RAM 32 £ Super NES CPU &ff . # £ * Mario $ # 

«*±CPU #,ffit^i^a^o 

*#*I25*f*, i &ft£ CPU #Jfr£# RUN MARIO utf-, 

V Super NES f ft fc*Mfci|#. 

##J*T##Aa# ROM 10 £#JfJ± CPU 
RAM 32 t . 

*P## 127 #te%ffr$&ft$] Mario *t#ft^# ROM 

lO^^E^II^Mario^^-.^*.^^^^ 129 ^ 
*^##Kt^*S*ifc*##* Mario «^fl&#^ifc* 

*P#4f 131 4g£9!#&£ 4 #,16 256 

* * € ft & # ROM * RAM 4 ft ft & «j| 5C & Mario $ # ft 
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* ROM* RAM BW Mario $ 

#*r#£#t#ROM RAM 

*. £#ROM *PRAM #*£«Mario £ % (Marioowner)";^ , 
A* ± CPU ft A ROM 4 RAM * A * ft ROM « RAM IA. 
&t#± CPU t^B^ Mario ^>fiE^^a^ ROM & 
ROM Mario ft Super NES & 0#Jfc& 

fti**ihft##4Hfc Super NES Mario fctf^ff 

f £*f-##*ROM 4 

' *P#1I 133 jf* f £ Mario # it ft ± # ft # 

Mario a#&*&ff**-*#*ft*ifci:£ Mario 

fx. 

i CPU fc£*#A Mario #>fr*«rt*fflr^(^ 135). 

«J - + tfflT* . Super NES Mario & £ # 7 £ #it*T 

#e#±(^r« 137). 3fr**fcJ!l£* + *Hj|r* f jfl±cpu*£* 

# + 135). £&-$|S], Super NES TfU*3t&ft& % tf 

-f ®S *##Xf£RAM 32 ft^ffiJ? Mario ft it *T##fr 

Super NES tt£*4Mfc«*##(ft|4i& Mario &#^#&J*: 
76 *) Mario 3gff ft Mario ###"GO»#;£ 

_* £ & * * ( 1 3 7 ) . % ^ , Mario 

K* W Mario ± CPU J*f tti* # + ^ ft« . , £ 

± CPU (135), ft Mario 

Mario *^*^*«f*f»(*^-f ^ip**W#i0^5» 
»fiII»ft + *Har*). £ Mario ^^£^±itfT(137), jtyftfttf? 
RAM $i ROM ft Mario £££ Super NES ROM 

*RAM 3fc-ff#*. Super NES A^^Jfja^ (141) ii&#£[H7£ 
i$ A RUN Mario S#ttt0T#,*Ttta#£. 
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i CPU 22 Mario & # a& A ROM Mario 

*, jhtf ROM tf***CPU22 0£ 

MSf #ROM##, ROM Mario 

Mario ROM Mario #*fc£2P 

13 ROM Mario £##£#-*£&'fe.#'fci* ; fT*& [*J 

RAM ttatffcTa*** 

# Mario ROM # Mario ,CPU22 

*i*iB#iia&7flift* t3i**T**+t<NMi),cpu22;&&9fr 

Jfctfffl^ROM + 0^7 CPU 

Mario ROM , + t&^g 

^ROM **. Mario <E CPU 

22ft£;tfROM #*fttif*,T. Mario ttffl 

£ ROM Mario £$#£T> + . Mario 

#fc*#ffi:££3?r£#f | l Super NES #f*?3|SX#RAM 32 +«E 
»jfc<P. #J*P» itP^ittt^Tl^l^SOO « ffec t&JUMP<##) 
5ft* $00 * 010c. &#*0f**ft $00 t ffeX + 
CPU 22 JUMP fijttf]#£##£$00 * 010X. CPU' 
22^T^?tROM 10 ROM 10, 

Super NES #&$RAM 32 RAM + 

^ftft&fi**:^. i Mario fttf^ft^ Mario ROM 

fi#ffitt*ih. RAM # + &ft:£#^#&;>f. 

Mario £*®^&te&£#&^^# 7 
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m %%&ft at &w t #3? ?j . 

* 8 Mario *^*4*ft*-##«F*##ifcife 

fl*tferJ*£4#*MrfMi. #4*T&a#M#££;& sue #24 

Mario AS*fJ^#4-J^*ftW-^.4lL**i«*ft# RAM 

&?iJtB Mario #4-*iltr. ^TffittWE^Mg&fr** 
16<f±f Tiff^W^i***** 16##& 

0 - 

1 z ^ 

2 c 3^^L#^ 

3 s 

4 v 14 15 i£<ft]XOR 

D& 15 

5 g 3£ft#i"^ : 1 Mario ^^at^fr 

0#jt 
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6 r ■ (R14) ROM &#jE£j|?T 

*GO»#&(ft sm%% u l"ft£%&*n Mario JE^ff . 
ffi**#«0»tt4tffc*l! Mario &#iL3tfr(#£#;|j* 4 - 
+ $rft SLlH Super NES) . ft#&ft * Super NES ft 
6 ROM ^ftfc*. *|£T®## 

<GET)*t#4**«#*3»«wa*j**ii**^^#e(# l 

tf. ***##«Fit4ttt**ftTK#i*<^jjeT^8ft--* 

li? Mario CPU 

ft***^**#4*A, JWfr+IM******. 



ft 






8 


altl 


$ J[ (ADD-* ADC t SUB— SBC 


9 


alt2 


££(ADD— ADD# , SUB — SUB## — ) 


10 


il 


±V*tftft(* ih ft$ff> 


11 


ih 


AV^ir^ftcfto+ttft^irisi^^^if) 


12 




SReg DReg, * WITH 


13 






14 






15 


irq 





• &fr±Bri£$l ALTl #£tf,ADD(;fo&) #4£###ADD 
WITH CARRY (##ft;fo&) #4, iff SUB TRACT 
£&#j<7 SUBTRACT WITH CARRY(##ft$ j&) #4 
ALT1 



ALT2 &4#*f- ADD ft ADD WITH IMME- 
DIATE DATA (^±gp|t||^^^),^^SUBTRACT flU££# 
SUBTRACT IMMEDIATE DATA (##±gp&&). "jfcV"** 

ALT 3 4HEft8*»ft9*« 
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10 11 ##*±&P#£;i±M#£?i£ 

15 Mario rlfrjLitfri:^** ft Mario * 

If**. 

&7±i*AM*4S*##tt*fs Mario ^#3£. 
*P_h#f3£, Mario $#4#16>Nb!BI 4A*4B 76 

#M##£#*!s4L$hH*. £££±^£9} ft, *#&R15 £ 
^-fE±CPU j5 4Mario##i£#J?!gte 



rO $f ftDReg frSReg 

rl PLOT#4JSftX£# 
r2 - PLOT ft Y ^# 

r3 ^ 

r4 LMULT#4££ftft#£ 

r5 * 

r6 FRMULT LMULT ft#&£ 

r7 MERGE (^#)#4^ft£i 

r8 MERGE(£#)#4^ ft# 2 

no ^ 

ni flf*e#«/s 

rl2 LOOP(t|Jf)^^^it^ 

rl3 LOOP^4^±##^^ih 
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rl5 



ROMjfcit, --&ifc#&##^ROM 



8 -ft PCBANK 
8 # ROMBANK 



£#*#ROM 64K # 



8 # RAMBANK g###RAM 64K # 



Mario &#3£&#-$£#£CMODE 

CMODE ^7s#J^ + #fMM#, 

JSSHfcAtt* 16 256 #££#*;fr*ffi#0r*R. 



CMODE # 0 

* 16^&#£tf: 

i£#0=l ^g^ft*^??^ 

£256 ^£#^£#3=0 

0=1 fr%&5H=oM*ftfa& 

£256 3=1 *h 



16 # SCB 
8#NBP 
8 #SCS 



256,320,512,640,1024,1280 

16 # 20^£#j^, £ 2,4 # 8 



CMODE 3f#&£#*PT: 
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$H 0=1 fr#fctt*:t^-=o«;F##£ 

$*HMr*ON~0 
i*W£**OFF =1 

OS***) 

CMODE # 1 

* is 4) 

#(xpos XOR ypos AND 1)=0 ifclM*^* 
#(xpos XOR ypos AND 1) = 1 

256 ^*N-*?*ifiSft*** 
CMODE #2. 

* 16 256 $£#£J.CMODE # 3 

COLOUR ♦*##4*#*fttt*$*ftg 

CMODE # 3 

COLOUR ^J***!****. 

256 *p££ffl<ii#&, '6AA#Mr#i+* 
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ibt rO,$CO 



colour 
ibt 

cmode 
ibt 

colour 

plot 

ibt 

colour 
plot 



ibt * 
cmode 
ibt 

colour 
plot 



r0,%0000 
rO, $97 



rO, $30 



rC^OOOl 
rO, $40 



stop 

»16 2 

ibt rO,$CO 
colour 

ibt rO,$CO 



» *#£$C0 

tS. o 



#&l*£$7 



#$o 

f =0) 

i 



5 #&$£$0 



» S^£$C0 



colour 
ibt 

cmode 
ibt 

colour 

plot 

ibt 

colour 
plot 



ibt 

cmode 
ibt 

colour 
plot 



r0,%1000 
rO, $47 



rO, $50 



r0,%1001 
rO, $60 



t S^£$C0 
,S#3 



#&#£$C7 



$co 

* =0) 



stop 

>256 3 2 

ibt r0,$C0 
colour 

ibt r0,%1100 
cmode 

ibt r0,$74 

colour 

plot 



? #&|*-fe$C0 

> 23*£$C0 



#&$£$C7 
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ibt 



rO, $03 



colour 



plot 



ibt 



r0,%1101 



$co 

f =0) 

3.&2 



cmode. 



ibt 



r0,$08 



colour 



plot 



stop 



Mario &#3F#3M#*#&#£#o *»±* + 0f*0! 
ft, ##RO****-#***0fff 

(FRMULT) *P -fc * f * & # 4 (LMULT) . 

R 7 * R8 M *&n&#%*o ft * 
#J|(gpt#&R7,R8) 

&3£. .iM*******!* * ROM *44Lei«#ft&tt*B®* 

ft&$&ft£«-b. &#^&i±&^t#&ft$#*£X&^ 

^a#$$ft£&^#&##te^#tt&#ftrt£;fa l. 



48 



11 ****X«JF»*^*#*^*ib.t##Rl2M*#*** 

tf****N#*«*#*Ri3 *. 

«T GET *t#4*^Mi£**3t « READ 
M±* + 4!r*ft*##<Other Registers)", 

R OM##K*##(ROMBANK)#H*»^ft, GU* 

Mario ROM 10 + 

RH> * 16 ft ROM &&± 0 
RAM K*##(RAMBANK> 6*** Mario 

*>fAa##*RAM ******* Mario #S|Jg. 

^# RAM ROM #£ftB*##ftrt«J| Mario 
# ROM # RAM #^#^-^at^ . 

*tt*»MB#tt£fcft**ft*4fc. ftfr PL0Tft£#4tf, 
SCB## RAM **NF***SA#*4fc. 

2,4 £ 8 £4, Jr^JftXf 3r##SCS 

Tiif^dJ^ Mario ^^^tftM^^iE^ifff^^A 

**£4>tt£fi#ft||tbfl*ft*3. 

STOP Mario ZXZZ&Z&jtBf&frft, 
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CACHE &%XXX*M Mario &>|-&&i|£# RAM 

+ RAM ftfr ROM. #,ff CACHE # , a 

Mario *#4M*-*a*i£fc*jt*##4;-# + fc#fc#£ 

Mario "#£"#4, BPS/ A/ & (to/with/ 

from).it*ir^4^^^^4^**^i|t o ^^«T0^^T 
9 #^(DReg) a << FROM w |lr^T-#^^^^ 

SReg ft DReg •feflj**^4i * RO. *#*ft4>MI?4^ , 

SReg DReg RO. £ Dreg Rl50g#ifft 

^f^r^irm#4^^^^^^^^U-yjr#. tie*** 

Isr ;rO=rO 1 # 

to r4 

lsr ; r4=r0 1 # 

from r4 

lsr >r0=r4 fc;gr# 1 -fit 

altl 

from r6 
to r5 

add r7 »r5 = r6+r7-r-3fe#: 
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altl 

with r3 

add r3 >r3=r3+r3+ (6502 rol) 

FR0M.#4*^AflrA*. 

STW #4££*£*#ft-#*'J#£, 

ft #J RAM #^-*^ftAa#*A*ft. 

LOOP#*ft#.fTttft#iM*#*R12 #R12 
#1**$*, A^PMA R13 

Altl,Alt2*i Alt3 t±3f*Ji«r#*Wft 

PLOT &4###f£#&#ft£# X ft Y 

X £ Y £#(*P^#&R1^R2 tM^)W«IMl 
#&Efe COLOR #*Jft**ft*ft. PL0Tft*#4&#£Rl i*I 

4. 

# Altl READ PIXEL (fcdJ 

fc*)#4<RFlX). $itftfr£iBft*&4, £&&#®#g±# 
*tfjm*#4RPIX*i!lf±*A5i*a£^#^#, 

£&*aiKrt;«#4+jtf**ft*-#*^ft*£. color 
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;iJtf/W CMODE #4-'***#ftft* 

CMODE #4€ftA*£lii|«ttAl9tt^BV ^ A^^4dlir 

*##RH A ROM ftfttt. 

GETC ROM * A #r## ft £ * A# ft + . 

T*ift«£J« B ft* Mario 



$ 00 STOP 



$01 
$02 



$04 



$ 05 nn 



$03 



$ 06 nn 



BGE sbyte 



BRA sbyte 



ROL 



NOP 
CACHE 



LSR 



ft Mario & >j-#jl:i£fT*;*£ 
65816 IRQ g=0 

PC #£ft 

*^ 3 

ifc=rl5, 

DReg=SReg LSR1 

DReg=SReg ROL1 

rl5«rl5+tf#**1HI.£ 

#<s XOR v) = l fj rl5=rl5+# 



$07 nn BLTsbyte #'h-f U&3&## 

£<s XOR v) = 0 JH rl5-rl5 + f 

$08nn BEQsbyte 

#z = l JQ rl5 = rl5 + # tf-f-^IT 

$09nn BNEsbyte #*#-f JU?|i&## 

£z = 0 J0 rl5 = rl5+##-§-£1$- 

$0ann BPL sbyte IE JQ *§3&## 

#s = 0 fj rl5 = rl5+f ft-f-^t 

$0bnn BMI sbyte Jil!l&i&## 

#s = l JQ rl5 = rl5 + ##-f$1T 

$Ocnn BCC sbyte #$#$1**11 

#c = 0 JQ rl5 = rl5 + # 

$Odnn BCS sbyte #$#£'MJ 

#c«l fj rl5-rl5 + t#^*ir 

$0enn BCC sbyte tfj ftgM 

# v=0 JQ rl5 = rl5 + f ^-f-^t 
4ft 9 

$0fnn BVC sbyte £#H&3&## 

#v=l JG| rl5 = rl5 + f 

$10-$ If TO rO-rl5 (Tt^)i£ DReg # mCT-H^ 

DReg=rn 

#b : MOVE rn=SReg (£#^Jt#) 



$ 20- $ 2f 


WITH rO - 


<#*)* DReg ft SReg % rn 




rl5 


g ftfa b #&) 
DReg=rn 
SReg=rn 
b=l 


$ 30- $ 3b 


STW(rn) 


£rn + SReg 




RAM Cm] = SReg < * ffis/fi * ft 


# altl , 


STB(rn) 


^rn+ ftJfc&ft^tif SReg ft ft 
RAM[rn]= SReg.l 


$3c : 


LOOP 


&rl2 1 #rl2<>0 Jjfti&fc 

rl3 + 
rl2=rl2-l 
#rl2<>0, J9!| rl5 = rl3 
(TO/WITH/FROM ^&^$) 


$3d . 


ALT1 


altl = l 


$3e 


ALT 2 


alt2 *fc 






alt2=l 


$3f 


ALT 3 


altl &alt2 

altl = l 
alt2=l 


$ 40- $ 4b 


LDW(rn) 


^rnt***tA*li»*J!l DReg 




DReg= RAM[rn]<£1H;/ffi$#> 


# aitl: 


LDB(rn) 


?)£lijDReg 
DReg.h=0 

DReg.l= RAM[rn](^7 
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$4c 



PLOT 



£altl, 
$4d 

$4e 

# altli 

$4f 

$ 50- $ 51 

# altl : 

# alt2: 

^ altl+alt2: 
$ 60- $ 6f 
^altl: 
#alt2: 

# altl-halt2i 



RPIX 
SWAP 

COLOUR 

CMODE. 

NOT 

ADD rO— rl5 
ADC 
ADD 
ADC 

SUB r0—rl5 
SBC ' " 
SUB " 
CMP 



. £rl,r2«,Y>A#*ft*.Rftrl 
i£#(N.B. #*&lfcrl*!r2&? 

±, RAM #l1ttt& 

'#**!> 
#&<rl,r2) 
rl-rl-K 

DReg= £(rl,r2) 

DReg. h=SReg. 1 
DReg. l=SReg. h 
PLOT^£ 
-#£#£=SReg 
#&PLOT^£#£ 
#^^^^=SReg 
DReg = # SReg # SL (NOT 
SReg) 

DReg = SReg +rn 
DReg=SReg+rn+c 
_ DReg = SReg + #n 
DReg=SReg+#n+c 
DReg=SReg-rn 
DReg=Reg-rn-c 
DReg=SReg-#n 
SReg|rn(z,s,c,v) 
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$70 



MERGE 



$ 71- $ 7f 

# altl: 
#alt2: 
^altl+a^, 
$ 80- $ 8f 

# altl : 

# alt2 : * 



AND rl— rl5 
BIC 
AND 
BIC 

MULT r0- 
rl5 

UMULT 
MULT 



#altl+alt2 : UMULT 



$90 



$ 91- $ 94 



$95 



$96 



SBK 



LINKl-4 



SEX 



ASR 



#r7frr8 DReg 

DReg. h=r7. h 
DReg.l=r8.h 

****** J;ft*#*i 

s=bl5 0Rb7 ; 
v=bl4 OR b6 OR s 
c=b 13 OR b5 OR v 
z=b 12 OR b4 OR c 
DReg = SReg AND rn 
DReg=SReg AND NOT rn 
DReg =SReg AND #n 
DReg=SReg AND NOT # n 
DReg=SReg*Rn(f 8X8 

DReg = SReg * Rn(^#^-f #7 8 
X8#) 

DReg=SReg* #n(##-§-ft 8X8 
ft) 

DReg = SReg* #n(;f # 8 

X8#) 

# SReg ft RAM 

#&IB4:&g&*|rll 
rll=rl5+l-4 

DReg. [bl5-b7]=SReg. [b7] 
DReg. 1 = SReg. 1 

DReg = SReg ASRl 
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DIV2 ftft2 (f*A> 

DReg=SReg ASR1 

# DReg=-l flij DReg=0 

ROR f^«JF'^# 

DReg=SReg ROR 1 

JMP r8-rl3 -##Jlj-rn * 

LJMP. -fc##J|rn f 

(ROM Bank £ & SReg) 

rl5=rn 0£i&##) 

ROM^ftEf #&= SReg 

DReg.h=0 
r DReg.l=SReg.l 

DReg=(SReg * r6). hw(f#-$- # 
- 1.6X16 

c = (SReg *r6).bl5 

LMULT 

DReg=(SReg * r6). hw(f ft 
16X16#lfe&) 
: - .-■ r 4==(SReg*r6).Iw 
c=(SReg*r6) . bl5 



LOB 



FMULT 
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$ aO- $ af nn 


IBT rO — rl5 ,sbyte 


rn + 


£altl, 


LMS rO»Tl5,bytc 


.. #{fc£fjrn + 
rn = RAM [byte <<1 ] 

<*«:#) 


#alt2: 


SMS rO"Tl5,byte 


RAM-[byte<< 
1 ]-rn(*|t#) 


$ bO- $ bf 


FROM r0-rl5 


SReg= rn 

SReg=rn 


£b : 


MOVES 


DReg=rn 
(z, s &. v 


$ cO . ■ 


HIB 


DReg. h = 0 
DReg. 1 = SReg. h 


$ cl- $ cf 


OR rl-rl5 


DReg= SReg OR Rn 


# altl : 


XOR. 


DReg=SReg XOR Rn 


# alt2 : 


OR 


DReg=SReg OR #n 


#altl-falt2 s 


XOR 


DReg= SReg 
XOR #n 


$ do- $ de 


INC r0"-rl4 


^ rn 

rn=rn+l 

( TO/WITH/FROM 


$df 


GETC 


Jk ROM ft)titl|]$ 
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# alt2 1 

# altH-altl2: 
$eO— $ee 



RAMB 
ROMfi 
DEC rO—rH 



$ef' 



GETB 



# altl. 



GETBH 



% alt2 : 



GETBL 



# altl+ alt2; 



GETBS 



$ f 0- $ ffnnnn 



LWT r0-r!5,word 



RAM 
&=SReg 
ROM 
&=SReg 

rn= rn— 1 

( TO/WITH/FROM 
A ROM 

f # -f # £ f i£ JiJ 
DReg 

DReg= ROM 

A ROM g*r-|£#&i& 
5 DReg ftjl^f 
DReg = ROM g g 

DReg = ( SReg &. 
$FF) + (byte<<8)(;£ 
$ WITH) 

A ROM g^#^iij^ 
2 DReg ft ft £ $ 
DReg= ROM 

^ WITH) 

A ROM H^# v 

DReg 

DReg= ROM £ # 

#±*P£3IIiJ rn t rn 
= ±&P^(£^;t#) 
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. # altl i LM r0—rl5tword Aft#tt£*:Mliti£ 

rn=RAM[£*ih]($ 
*#) 

#alt2: SM rO—rl5»word #rn#f!| 

it 

PT^^ALU #-7C50 fcfl#tt#**#*56*-f ffl 6.*pB4A 
fpH 6^f^ ALU 50^ X.Y^Z B jlh • Mario 

J8*#*R0— R15 ALU 

ALU 50 ft I6&fr&&/ *&J| 152 
ALU50 # t $ " AND'g £ * * 1 54 , "OR"i£ # & 1 56 , *p 
EXCLUSIVE OR(#sSD w i£$fc# 158. 

ALU # + 

«**-&ftll5iiF*lifift 160SL^##^#164. % ft, ALU 

M**** W%m%%l62 i&H]#&#&J£l64oX^Y 

&&*pB 6 fft%$ 152,154,156 # 158 

*P)**/ #jfc*152,«feJfH54,156,158 ft&g&JiU 
*»*&?frfc*frtb4* 16#>6 #1 "iB"****** 164#£. 

£$#152 ITAX &ft&fcl6&, 

#&&#i5o ##*#3**A£fc£&ft y 

ALU50 CPU 166. CPU 166 A 
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CPU #$Yi^<t4f60lt. ****** 4 Jjf 
£*rft*/*&*152 

#A#*fc* 166 ttBttttQft&JUftft Z 

B 7,8A* 8B JCj(riM^*Affl 4A + ttft*#£4L*<52. 

54,56 fP 58). *fe*ftfrPL0T^4, t* ifc X 
*PY #*JPSiHS4#Att* COLOR +4>£&tt£6*# 

#54fcrt*jffrt£ft#fc#£fc*. 

Super NES*i± IS J5f3tW«riflI#^^4f***i^ JUS. # 
Super NES f # 2,4 J$ 8# 

- > h**ff *ft-f iff.it&mtAiJ!!*, >MHfc*J1)MM*rt*.tf 
256 * 8 RAM ££fr. 

*##*JUf. ft^ifT|-**208 ££££&** 206 

X$JY X Y 3f#& 202,204. 

€^^#-^Rl^R2^^B 7 **?i&tt#&X> 
##202 *>#i&Y PLOT ^fcfc*^ 

&#ft*#X*PY&#. 

#&X *P#& Y 3f#& 202,204 ^ £-f 
#*&it#fc*#i£, ttfe*&4*l:#A£l 2 
214,$ffi5#*4k:U:*#*216 218 #&X * 

##^ = ^*1S**ft^^#^j»#2l2#^iiff^'&***## 
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210 

S 8A + tt#&g*i|l*200 &fc&9! &tf PLOT ft£ 
(PLOT)sfc READ fc*<RPIX)*4**9 AW* Gl*T*#te**J 

*P_L#fi£, 200 52 + £J3 

210 AND n 201 Jjft*g$fc& 200;t§i£#o 

200 ^#$^##^##££1* 206 «Mfr,M«RAM. 

200 PLOT ^4>&#&&#. 

£200 &^&READ&|^4*RPIX&#£*#^#&#> 

#$&*&&206 ^^L#^4^#. 

f 200 «#«t RAM *J*tt«1ir* RAM DONE, t*W 

&£#RAM ##.*PJ:#r&» RAM fcjftflF* $fl*ft#i£*4& 
$206 ftftM&HfcMtt&IS- 208 iH^to #&g#J& 200 i£&& 
Afc&fc**218**PLEQflT*. at*W*4hEK*f 
& 206 ^^J^^^J RAM, 

JClff . 200 & 200 #£#353 tb 

*SA#**irtt*iB#*<SCR.MD)«llfc*. 

#^ttiH**200 / ! 4*^ftft« i 206 «r^**t«r*-*J+ 

tt#0H£*lflr* DUMP(££S 7 fr® 8B ft« 
ft 200 £ CLRPND 
##*£*Ht* LDPND 210 o £ 

*h &#J3I200 8B#^#|*£&F£#-7C#£# LD- 

pix fa bpr 
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PLOT 

*4*»A4#*&4#2oo ft-PLOTtf**^;*^*** 

(f##)^^LDPND o LDPND^rf*^J^^^ ##210 ^^ 

*##«^^*^##212*«ft**4r4lF*210 

#>fr * CLRPND ****9!**ft* J.J RAM RAM £ 

ffl 8C + 200 4^ 

52 *PTE*P#X#„ 3 #*£4J* 200 
52 , ^ S 4A t 54 8X8'^ 

54 COLOR *4£3>fo *tf£*PLOT*+# 

3P##202 + * 3fc*te**ftrt£ft. *#*#**ifcft = fc*' 
7*4fc* 206 +fltFJf#Xif^-ff'tt. 

210 4a#*W4ft£*^Jj^|r^*^^^ 16^ 

210 2 00 
ftflT* LDPND ffi*£«ft#*fir-9- CLRPND tffr. 

&£ft#&#&i7£A£j 8X8#££&206 ^^^Z-f^*^^^ 
^4*#-H«t. *-ttffl*J/B#-f#*X ^##202 
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X 202 3 8 

210 +.#J»«*^t.**f ft«8>ht*e(4, *tA*^FW 
ftMfc**, *&5Afc 1*206 #&&<j&^i£iBJiJ RAM 6(« 
RAM 8)]fc£3*£fc|* 206 >T & 

££3|jiJram #6fcl*206 ^it^^- 

206 ft*** 9 4 RAM 6 4RAM 8*43 

X >Y RAM ^ih.^^^Jfe4hTt#^^T®^iB 

4,16 256 

#£#£##r*l§J. #&&##J*m+#;l## 256 

256 16 #4 ft, 

^64^1T 0 

±ft. Super NES#£##& *#et«fiiR*#. 

0 16 32 

1 17 33 

2 18 24 



15 31 47 

Super NES #^|&^ 256 ftflHSt*fcM±**ij# 

ft#*i DMA ft&tfft Mario $#|fe£ 128 ifp 160 ^ 
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ft** ^ 

0 - ^10000000 < 

1 %01000000 

• • • 

7 %00000001 

4 16 
16 32 
256 64 

16 20 

4 256 320'$? 

16 512 64 o 

256 1024 1280 
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' Ida Colour 

asl a 
tax 

Ida maskl tab, x 

sta maskl 

Ida mask2 tab, x 

sta mask 2 
rts 

; £W£;&Pte#i£2] Y * Z 

Ida plot xl 

asl a 

tay ;Y£Xifc#*2 

Ida plot yl 

asl a 

tax ;X^YM«2 

Ida pyoftab, x 
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clc 



adc pxoftab, y 

clc , . 

adc drawmap - 

tax - • • 

da.l bitmapbascx 



and pbittabn,y 



sta pmask 



- Ida . mask! 



and pbittab,y 



ora pmask 



sta A bitmapbascx 



Ida. 1 bitmapbase + 1 6 » x 

and pbittabn,y 



sta - pmask 
Ida mask2 



and pbittab,y 



ora pmask 



sta. 1 bitmapbase + 16.x- 



ft 256 ^£ 



pbittab 
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rept32 . *num_col 

dw $8080, $4040, $2020, $1010, $0808, $0404 

$0202, $ 0101 . ,, 
endr. . . . 

pbittabn 

rept 32 inum_col. 

dw $ 7f7f ,- $ 4040,- $ 2020,- $ 1010,- $ 808,- $ 404,- $ 202,- 

$101 
endr 

» #jt*W o *p i o 5 15) 

maskl tab 

dw $0000, $00ff, $ff00, $ iff f, $0000, $00ff, $ ff 00 , 
$ffff 

dw $0000, $00ff, $ff00, $ffff, $0000, $00ff, $ f f 00 , 
frffff 

i xHfc-M 2 ft 3 o E 15) 

mask2 tab 

dw $0000, $0000, $0000, $0000, $00ff, $00ff, $00ff, 
. $ OOff 

dw $ffOO, _ $ffOO, $ff00, $ff00, $ffff, $ffff t $ffff, 
$ffff 

coLsize equ. Number_char_rows * 8 * Number- bit_planes 
(16) (4) 

pxoftab 
temp=0 



rept32 

dwtemp, temp, temp, temp, temp, temp, temp, tem 8 

temp = temp +col_size 

endr 

pyoftab 
temp=0 - 
rept 32 
dw temp 
dw temp +2 
dw temp +4 
dw temp +6 
dw temp+8 . --- 
dw temp +10 - - 
dw temp + 12 
dw temp+14 

temp=temp+32 
endr 

# Y PLOT X * Y 202 * 204(&*^#.&£ 

76 * # Rl # R2 *##).£A*| PLOT X * 
202 3 ft X *P Y 

>X $##202 tt*ft*ftft£f&& 2 06 ft«. 

£#&X 202 & 0,JH^X*^#ft 8 + 

tf *1ft^r*-fir . Bt##&X 202 jfr 0,3 8 
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210 tt#ftft*W*ft#ftftfc*jMP#ft 

210- ft RAM &HH*A*ft99£ffARAM 5 iB ft (5] li . 

- Aftftft.#3&*ii^aft.JWB.7 210 # A 

£#;fcftAi&fiJ#£&&fc& 206. 

# BIT-PENDING 210 * O.Jgtf #ft*tt*ff4&, 

. 216 , + ft**#*a*ft 

BIT-PENDING & 210 + ft# ft#. ft BIT-PENDING 
###210 Ji!!]#BUSY#;#*#. 

ft frit* iU ft^it^-f PLOT-ADDR 3P#J£ 216 ft ft*, jy 
trftft*##&£ BIT^PENDING *#ft 210 BUSY 

- ■#***b^W«f PLOT-ADDR *l*ft#T£ 
ft. - 

#ft 1 

- ft BIT-PENDING 210 FFh ft i&i$fr#ft 3. 

#112 

A RAM ^ PLOT-ADDR +#®£&&il#£ti£fJll£*rft 
ft # ft 3+ * PLOT-BUFF t . 

ft BIT-PEND 210 0f JFft ttft&ft** t ft£#£*P 

ft-f PLOT-COLOR 0 ft. jiliJ!&i£fT#ft 5. 

4 

# PLOT-COLOR ^#Jg.£&ft£ 0 fr^AJtf * BIT-PEND- 
ING ft PLOT-BUFF ft#f^#. #ft#£«l*7&:f 
RAM ft PLOT-ADDR it. 
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SWf H*f£ (PLOT^ADDR + 1) * ft ft PLOT.COLOR f 

« s ^ 8 * 256 ^ft^< f -4(PLOT-ADDR+16)±*ff#H^ . 
PLOT-COLOR 2 tf.- 

^X^MYfM^^S 7 tiff********- 

*k& = #®Hik+2 ♦ y[0. 2 ]+ 

(y[3. . 7]+x[3. . 7] * 16+(x[3. . 7] * 4) 
&&scr_ht) 

y7 y6 y5 y4 y3 
x7 x6 x5 x4 x3 0 0 
x7 x6 x5 x4 x3 0 0 0 0 



px9 px8 px7 px6 px5 px4 px3 px2 pxl pxO 

6 ^in#^i i £-io-##' 

CO.. 9], 

12X3 &£y ftftfttt 

y CO. . 2]*fr*#£ 16 #*J***it^# f 

IKr&^iiftJ^g&te scr C9..22 Jfcfc. 

&£&tt£ii$|ft#£f&*ft 4.16 jft 256 

#£*!l«r*iHlrA4ifrA*tt 1 J*2 *4 ###g&«##3£ 
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214. 

214 iB RAM Jfc& 

216. *^£*ff#4M^:t£, ###R1* 
R2Bp#£X##aY *4fF#»rtf#^**. 0 

218 fe* 214 ft* ft * * A 

«r**4b¥##*#l>**kt##216 ttlB4&£*T&ft. 
^H***4b**^«RAM. £#fcf-*fc:M:*#*216 
*L#lMfc**2H *ttftg*218 *j* 

£$£200 ^)tt««-9- PLEQ. 

0*|*i^PMO6,J:tf 206 
#■¥■^#41.208 £3fcfc|*206 #&#*;«fcdi*--*l. ft-f 
Wt|-&&208 iy RAM 88 3&&RAM *#, RAM 

^ftfel* 206 4a#*^H8BJJf*^Jfe*^iC*^. &8X8 
206 + * 64*****. S *h 

200 #ff*g«Hlf LDPIX 220,&#$#&£ 
54 COL. *tt«# 200 / c 4ii[*Ht 

■9- DUMP &*m&&W 206 +6irf-«tftJ+e,*J*^*#ff#Jli 
£#B.-SJ*£DUMPflr-*, 220 
n fcfc 226 228. i DUMP flr f ft 226, 

n 228. PI ft, ft 224 *H$IffkjL* * « 

#&228 ^R#»tB*^MlBJftft'g«#6(tj9f##^il:#. 

i##ARAM *&Mtft4ft#raiItf> ^^J^-f-BPR ft 
ton 222 &#£&AJ. LDRAM flT*#A-f*tt*. *3fe**% 
T. * & RAMD #Aftft#frA#fcjin fe* 226 &i£$#3£ 
228.4j&#3&228 t ^tB^B 7#r*£RAM 

l"J RAM *#Aft.*ftit*#x;a^*-*#*X,Y fc*#iR0f 
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&^&*-*ft£#&AH Super NES 

£S 9 + iM^£ttRAM.£tl* 88 
RAM <*)ft4-#ft«flr-»*. &#*RAM (s)#ff.& Super NES, 
Mario ^A^f^^f^ Mario 

*E#*.RAM &UM&88 VtftM&**4Jk&1ia&ttitiM¥UB&ti 
4ML & * RAM .£ & & ft . -ft & # ft| ft RAM.. ^JKflr^SiF/ 6 ^** 
S 10 310 *p£*fe£fc|#. 

RAM gfl* 88 RAM RAMD #H 

&fttt#A##*4£:fcfl£fc£;8ft#fc#&& 304. 
*iM9*60*tiHir*ttff4&ftftRAM *JI*ft&*, 

RAM:#.4JH*iTB-«Fi|Z.4ft±. : 

.-. RAM 88 16 ##H$#& 300,£&#*iM 

* 60 jffftaHiT* #g#J T# S*:##A 16 ft X 4ft ft 16 # Y 4 
ft*ft* RAM 4A*ft#.-Jfc$*£*4Hl 300 

302 fc&A#^#60 

#«*1Tfti|f tatJj RAM 

RAM 88 20 308. # 

* 308 ahfc A#ft *'* 3io ftfj AUtft 3io + 

Jff/*±ftfW.rtKCACK. .fcJMiUDACK,- ft#&$^PACK flr 
*fc##/»*K4##r*ifc#A. * & Super NES Jfe&Aft HA 
#&4L^&###&&308 gi|fc,*£ Mario « £ M "tt £ ^ 
«ft###ABj-flr^4#312a|JiRAM &&Aft. €3t## 

* RAN RAM 4JIHgHNtir-9- RFSH ftftft 310 # 

310 Mario &#£#RAM # & . RAN -ffu RFSH flr * 

ft" fo® 10 tJJf^^-Vff"*^. 

*fc£L£##&3£308 €A16^#J|^^#^#« 306 

&&Ao # 306 M 60 #f /* 4 
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flr * *K y a ft * ft ft ft * . £ 308 

#*4tt*A*ft*#tfK#*ft3l4 ftfcilifrffl 9 *#f*fta# 

308 MAffl7 
Aftte#&#. Jl«#ttK##*316*ft*#ttl£*#«314$ 

* S9 * , ^•*Jr^*-*#K*-f RAMtt«*88+, W*# 
tfl"«r*"*at»RAMttli»." fl***#ttK*#*314*Gl£ 
ROM ftH#104 +Oi#i|]Sf#I76(El^m# 

52 + . 

■ JJf*#iB«r^*^*#308 #Aflr4**iTsfe#*lr w 
tA. *tfj*#^*A**-'PAGK;-|j-ik##^*ifc. 

CACK.DACK fc* PACK tf4#*/*fc$#±*lCV SNES 
ISrAo 

#&#&&308 *204MUt*dJ&A#tt#)^tt*&&* 
312,tU^^^N-*J#^**£^r-f3a^RAM 6,RAM 8, 
#£*tt**£#.322-*fc#*fc 310 *$£it#4£(gray 
counted* ft* flV tft^jt£# 312 ##£if&&*# 

tliUMt tfAiftRAM JfciLAIIRAMAtfHl + ft RAM 6, 

RAM-«4*«r*ibflr^-. J5-4-#^*. £tfflr**4#3i2 *p 
ffl i Jfr*;*44&fcfT*:lifc*flr* RAS,*| CAS ft 

3AA*Hlr* WE&rt#tf^##RAM 6,RAM 8 ttftflflr*. 

fr* 312 310 

RAM j« I! & * * DONE flr* . #flf *& H*1T* jfc 4 * 312 2;* £ 
RAM **7*&##&RAM tt«#>f^ft««#* 
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<*-*tb)ttft$«#ft* D ATL AT . RAM * ft * $ J( £ £ *r & g 

RAM &&&*|RAMD-IN i£&Mario .fc#. o £ B«|-ft*££.g. 

& RAM «;*&&«|ft* CASTAS * WE 8 
^±®Tfe!^^E^^E^^^B^ t #&j£#&RAM ft* 
Mario ^ftEIi^^lfil,,. gg 9A * jjc »& £ tfft * 
*4*312;*£**am*BH****ft**ft*. J9f*lBtf*« 
tt**fc^tk*-il^«f%9!. RAM DONEft*Jj!l^-f g 8C + 4 

RAM *ft*/ k ££1iHNfe*fl'«€*3io 

m *. a* s 10 * * , 310 &&#*##&##*A#ft 

* CACHE <*i«it^#)Tt*CACHERQ,^^^*DATRQ 
***PLTRQ. *^Aft**-*£jHi|frflH*#tf£*#* 
325,327,329 + . #Jft#**ftt Mario $4.4 g RAM 3$ ROM, IU 
ititg&KJ CACHE it^ft* CAC HERQ , *ft*« 

B 10Wt^^*^^iE#,ff^^4^^*gMlfit^#RAM 0 
W - £ A * & RAM < ROM it # CACHE * * ft * 
CACHERQ ^ * CACHE Gfei*&*£)94 * A &4&*T, 
&&T*#ft* DATARQ ^f^^^f ^ RAM ####4<$*p& 

Mil? 200 /*±##&Tt£ft* 

PLTRQ. . - 

i Mario &>ME£jt*T*P Mario 310 
;f&5K2p#&3f## SUSPEND (tf#);Jr*ftA-F "0»tt&J?f;£ 
Eft). CACHE t#*. ft#i»*, *#**#ft* 

325,327 ^ 329 CRQ, DRQ PRQ ft*, n 

331,333 335 g ftftft & £ 

*ft*2t±tf;:fc&o ^Eit^rW, CACHE T££ft*£#t^#1ft& 
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CACHE **flf***? ft*ft*ft£B* 91 &*ffl#,ff * & 
CACHE #4,te#35ARAM #*#4.#£fctt£|st$* 

& ####*#, A n £ft 333 * 335 M ft**ttttft£ft* 
***;&#### 339 * 341 **IW***^»#:Ra f 
###337,339,341 ^«If,B^ SUSPEND 
■#A«n 331,333 * 335 +ft**n. i Mario £ 
*#* RAM * SUSPEND # 
SUSPEND 1 ### 337,339 * 341 £*#J[ 

## 337,339 * 341 * tttf-^e,**"^*-***! ££££ 
fT)tf&^tfc#A#/ n 331,333 * 335 £i RAM £ 
CACHE REQUEST(M«i^#Tt^)^(^^ 337 jg 

tt### 339 **4Mfc*ft t £ CACHE * DATA 
Xtt«#**il«## 341 

y ###337 - AAMft#t^1lr^Jl«ie^^A^M#4i 

"iMlr*CACfc f »t-*H 10 +#£gfe&#±, CACHE 94(j£ 
I^)«T#«A^ffll0+4!r*#*M^RAM***t^* 

tfA. lfe^^#*/ : 4IJ:#^^#r-f-DACK*#^Tt^^^^-|- 

PACK, 

###-337,339 * 341 ft ffft*- iU n 4* 343, 
NOR n 344 £ RAM ###£ tfflr* ttS*it## 345 „ 

**tfflr**4#3K;*4ft done nor n 

344 *### 337,339,341 gft. DONE RAM 

DONE flr-»«r) fc ij|kifc#**« 310 + ft#£*##fti* 
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68 52, ftjfcjfl RAM 

Mario & 
#Mario &##«#*;f *fc|*P«#J:BG&$J#RAM 
tt#H-N-$MME#. fl*P RAM 88 *T§J Super NES 

21MHz B<j-#^r-9-ife«^il5 Mario &^m&Ttfc£ -^^^^ 
*A*<T'Marib-*>|-Aa'#^R*I#-f 21 MHz 

#*Ri£*£&£;Jfctttt Mario &A4MjMH 4 

JK BET 11 t*7GOfl*4Mario&#fta#gp. 

DIN j*£-J? CK 
*Pffll2#ftBj, fflll0r*fc##£l|r-fDIN A#&oio,g 

it no, ioo\ ioi, in oio. B ii jjr 

£#*P ROM 104 ft RAM 88 ggSttXtftr-flT? 

Hli^4lrt*H4nFxMI##AM*i5^it#A*« 

fi4^^^*010 w ^^«ni0^#^^*^^ DIN. 
Bf# CK -0 $105 <4iflP&M#),H##B- tn E 

a 100», *n A #m##c 

"101". 

^##C^E08ll M^^WItil}. SUA* 

n c jtffcjwRariir. Mfft-tfit* 

CK*^5t^^«lll-i:^X*ttBj-, A in G 

&011. ifc£itf : i+CK#$ia&#£&nB#^#&C£#, 0fJtt 
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S 13 JL%f 0 4B ft ROM 104. ROM g#J& 

RAM 94. 16 *1T*ft*i*5l***tl#RAM 94 ft. £ 

£ i6 **its 

16 £1Tft. CACHE to* fcfc 400 2 
*L. ^4it*# 16 CACHE ft^JWTft*^******** 
# RAM M 

******* 

*ijji6*^^A*A<i#ft+^**t^6***.s*.ft^ 

«#**T. A***#A**#ftff*M«* 
i6^ft+tf£*a*Jtf********^- 

*i *«. 400 ft CACHE flr* , *! B RAM 94 + 

^#iR^*#*^**WHft****flt#i*W^*#*«r*S 

# ROM RAM. 400 i£&#&a#&*T$ « 
##i?a/?it&£PC ft4^*«**^*^^"**^**- 

**fiA**ft#*»**«rP c * A ** , *^ a 

ROM 104 t ftA**^* 1 * ** 400 WAIT 

(##)^GO**lflr-9". ttfl^ Mario #g#0 @ 
WAIT Mario S^X^sTi**!^*. ££*t"ltftT& 
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#&&#;&P$ 400 /* ± - CODEFEFCH <ft*|fc3n£ffl# 
&#*^B 13 t^NOR n 408,$ffii£#ROM £tfitft& 
406 K^ftA^-gAff*******^ /*4fW**<flT* 
CODE FETCH, ft***ffi£ %ft*k%J9L, @;&&ft& 

£#t#35##ft*3*#. 9 10 0f * AHl#ft&ft«*& A fttfft 

i St^UMf" A ROM &tfi+ft#406 ft*, &&#-ti-ft$ 
M. ROM ^Btitlt#406 ^^±ROM RDY&Hj-flr*, £4*^- 
4 ROM ft*## *T&# ROM ft*, -BHT^An 410 

ROM ft*Jt*f!T.*-ROMRDY H 402 if 

* * #J P *T ■ * B . 1 1 ■ t ■ JJHfL W # S j* % . * # « # # 
$mpZ.£ , £ flr- -f- ROM- DCK -ft ft # -* . 404 -M* »' £ 
DATAFETCH-flr^#*^###RH ft#*#*7 ft***, ffi 
3fcX*ftJfelfiEN-R14-flr#. &-ROM 406 
&itft% ROM ft*-**±-7£#ft* RMt/t £ 

DATAFETCH 

tfi*ifctir*tt#*#fc#414 ftftfltf/^ROMJiit. 

E###412^ASuperNESft*4ftHD*ift6(r v 6(4l^A*- 
^ROM B*ib#ftft* Mario ft*$#ftK3F#& 

412 fr£ 414 23 ROM 8 'ft, * 

ROM*tttt*te**ft*Aft#ii-ft»PC ttrt&ftiltt.SjE'ft 
A**ft#RAM ^Aft*Bj-,4ftft«*fttt**&-f 
^#^^-^■400 #f/*£ ft CACHE LOAD^-f- 0 
414 ^4h%A^:#i#^f #^R14 Bf, A Mario aM*#*Rl4 
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R14 ^#«.*-*****«#*-404"/ B lk'DATAFETCH 

Jk Super NES- *Jt*llHD***ft##tfK*##416*ft 
#) . K *F## 416 fc-Mr # R14 -ftMfcflr* * 

***fM08 ROM '&Bttl'ft* 

406 ifctfftit*. $ffi&n 410 J*£ ROM It*** ROM RDY, £ 
ROM RDY flr*/^*, fc^AROM ROM D[7 « 0]« 

- 414 S&fcA Super NES HA 

ROM'ft&v 414 &f|ftA**flr*''ROM''tt 
Super NES T*OM-g*flr* ft Mario ROM 

Super NES ft*#ROM *ihA^^«*l. 

###&#422 &&ROM £H* 104 ^ A ROM ft.fttf jft 
ROM- D 2 Mario ft g ft # Z 

404 /* £ ft DATAFETCH 4r*>A-ROM & tfiHk # 406 j* ± ft 

ROM RDY flr**34*n 418 WfcROM £)+£420 

ft. ROM #H&£ROM D[7-0]*#ROM &H#£$ROM ft- 

>t&420. 

6*7 i #&*T&#i*#tt GET B £*#4ft*> fc**&*H»A. 

ROM&$#104;&fc£##4>i£fJffi 15A 
t M * Mario * £ . GET B , 
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*A*ft#. **ft*Z *ftft*K**£ Mario 

#76 tft-'K . 

ram 94<j(r«-fifc : 9i#'6E*-f A» 

+ + # 64 

* RAM 94 * * 16 ft flr* . £ A ROM * RAM # dJ 

fT#E RAM 94#$±#4. «*±%99#J|W&*f 

, RAM 94 £ J? g 13" * * * ROM 104 -jfcift 

#jtrr*# 5io,ia^it^#&x o i5,h 

502 ft*-&£&g#fjr^(t&&#)§ ROM &*H#&ifc£ 
ROM ****** ROMRDY Oft****** -**),n 510 

t^#ief(## 506 ^E^^^^# 504 4k#ftS±Sft. 

**« 501 ±j*k-mjz%%* 

*m*i&m RAM 94 &ft$l&m%. & a 501 ± 

«.***3it^AM*#4tifcf## 500 #;fr£&A$, #J3^ft • 

500 £Aa#it#3&. PC ft 13 ft*fc#3fc 
ft. ffltffrfflHJJf^, #i&fl^# 506 *ft*. 

(#J*P# 3 -15 ft)&£&$&& 502,t*;t«#ii-*# PC * ft 
*it*A£5£&i«ifc*#RAM 94 ftiSSft. *&&502 
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MiU&B^O/RANGE &A#&#502 * ib flr * 

&$506 t^-IHUJF****. 

504 A*** 502 , 
RAM 94 ft 16 

RAM *ik#A^*^r. #£###506 
iti*34ifr#*#^# 512,£#64^#ie##^*#--^iU l J 
NOR fl 5U,3fc>h«#1lr-f:*#####***ife#*Afl|^^, 
■•6-**^ DEMUX504 ^A^64^^#^t^--^^>aMj^#^ 

fcAlU NOR n 514 #J5-frA**«Jjff 
* tt^E A* RAM 94- 1 IUI S W f M #M & 9 

B 15^iBB4A + ALU**/ MMfSiiMS. 

*P S 15 JT^.ALU 60 RAM 

94, ROM £$#104 ft RAM 88* ##4*. it* Mario & 

#^#**ALU/#4*«#tt--##. ^^^D!^^ D J^^S 
15 t Sib. 

#*#**--525->8llAj»*ft#RAM 94, ROM gft* 104 * 
RAM ft«J#88 4lB#4tlB. ##JJP*#*#4tAJ|**tl« 

##527. £fc&&&525 RAM ROM Mr 

#-£Att^##E*#&tt*k:kMir&, #*f ROM £RAM *# 
#4$fT*<S.;» 525 *T***Ai***#*68ag. 

^ -9- CACHE CTL ffi RAM 94 

#4. RAM 94 &® 
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i*affttlUMsW* pcen.il. mjMtf, 

ft 527 8 lff*#3flr**l*i3jE* 

ROM (A RAM &E&ROM gflft 104<j£ RAM £ 

II ft 88)/* RAM* ROM **#4f 

S#. HW#4*«*******R0M j£RAM£l!jftl04, 

88 tta#tt*ft£3r#* pcen |k*ft. 

— >&rW» £^&fti*£#RAM#&#^#.fT, a#it#ft 
pcen «£F*tf*|*£«fM ft, #-&**&fr*B(*« 
fttf#&$£ifcftfT#. *-f ROM 10 *#9N-rafcftffi*ft#' 

RAM 94ftlMt-tRAM ###frH5]i*#£, SffitfROM 

#&£#&RAM #*^&#ilr-f-j&P#£i*. 

537,539-fr 541 jffftfctttftftft** 3 feft» 81/* 
*1.2.-N ftflr*. 

ilP$$at*£##£ 527 ftff*£*&&£fr&l!2* 551 . 
jfeffttllSMt 551 Jfl^*#*#ft*.fcM*#r t#JB*A 
Mario &#*#ft#76 + 4#^3£#*#ft. #7&*|-## 

ft, «IW*#*J»f ft*#afcff«#*. 

60&#&#&$#&&#ft&£ 543, 

^ft&ftft^W/*^ ALTl*iALT2flr* » K*W*J:0rafctt#fi 
«*«#4- Tft*Wft^ik**»ALTl PREflr*Hfe 
* 543 £ il ^ IH flr-9- g** w a 
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HWA«*# iLflr^<n:)^*iHflr^(Sf)3|tj(fi^**ifc«#* 

527. ALTlfP ALT2^-f^traff^^^j5|J#^ i fe#^^^^^^ 
• .##A^*|*i4 n 541 537,539,541 

<« KT&ft** ALT1 * ALT2)*^ tfjjf/* 4 * M/= £ 
fcfrflT*. ftl**«#&«j#***2*543 tJjfjjc. # ALTl -ff 
**M€*545 JUA4ALT1 PREflr*, #^-§-6*I#& 
543 ft &, #i*ffi&OR n 549 531. 
ALTl PRE flr-frSft ALTl $#J§. 547 OR H 549 
#* 547 ife #J ALTl flMfrft ALTl tt*$ftiM»2ft 

537,539,541 $ . 

£0 15 + **^*&tfttiH«ft*M*;*£ 4 **#*ife# 

XSELOT, XSEL1, XSEL2 ft XSEL3, £0>H£ffl'ffc|$^iat. 
17 + &£$#J£g#JiE#76 620 * 

622, 16**#**--*#rt#fti|iftX 

7C 529,t;*±-$##i&## XSEL-U0,#ffi3l#$3|#&535 

^^flr^ xsELoi|dj. $## 535 &a#it&&^-§- PCEN 

531 533 f^^^-f-XSELl 

ft&ttXSEL-Ul. ALTl PRE flT -f *3Lftfcfr*ft 551 

529,531 « ( #*/l!?ft&£*#ft&«|£ft 76 0f 
i|^^^^*##.^*i4*ff«*l**551 +JJf^,ALTl PRE 

531 #l1s^Z.--tj*±%ft&%&%.533 + # 
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W^iB^-^ USELl & USELOJ4. . ; . • ;T ., 

15B *HraHMir*CK. RAM 

&##&527 +J[U«*iir->Mf#J»>|»«r±^», 2 

527. *&*tt44^#.227.*fi!H*ib££, £9 
18 t^t^Btbfiir^Bt.M#^M*6o^M^^ilfK< i 

&IHt*i ALU 50, 68 52 

Mario &#7G#. 

^fS 15 t 551 *5i£tfiMM 2 iM*«r*- 

^^Ai-T-f- XSEL.U i**##it#Mita.*XSEL-UO flr 
^R***#atf(## 535 4:tr«rM€« 529 #J*p££ 
-3t^J*^(#^ 535 XSEL-O^-f-, £##&4#f £ 

78 ft-*^. £*#&#6<M&M6>MNF*tt* 

604 606 4#^#3g-600 *P 602 #7 

|A. 600 > 602 J?i*fcj#±ifcttnTOOM w fr"TO ,, |!r*# 

4*. ^#&600 ffB 602 ##j*"TO w ifp"FROM , 'lfr 
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tffl#**&ft^*1K#*ftii**##6<» * 602. 600 

604 ft 606 4*&>|fcAt#*ft 76 + # 
#***A". 604,606 *fcjMr*A«U:**1& 

#&tt*tt*A*&tf#IS^ 

£ 4'** Super NES # Super 

NES 604 ft 606. 

604 ft 606 Z^Y 
9 17 * ft 76 # B 4B 78 * 

FROM 

FROMSET FROMX 618. -ftfl FROMSET ft 

^AjSr«*^*#^*.ff + **#. *#&618 ##£##j(7&A 
£-i&£#*^&*'622,.#*#&#622 RO (J3 f- 

ttt*4SF#)«r*##jlr**Ai-. 

" #*#*# 622-»j5-'%A*#*#*# 620 m&o 
620 ftft*^Tt**<V*#*R15)«ri^#.*#.ff MERGE 

*ft*A4M*A. #*#*#620 ftiil 15A t^lU^Mi! 
§ 551 XSEL2 # XSEL3 JJlfr A ft'-'t- 

###&&622 *J5-+*A$ Y A**±fc*##*, 
Y Afti#Wft«*4XA«l. 622 

-&A;i:±i£ FROMX $#&618 . £ 622 ft* ft 

.**#H15A + ^£ftXSEL0 ft XSEL1 # 
&&X 

J?$#&R0— R15 *ft*r^*******/B:s{rft*±tf & 
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&m#*t x. *##ro-r3 

608,*#&R4-R7 tf*Hl*JM*#*#61<>,*#*R8-Rll 
#ftiB&&£&#&#612,ffi*#&Rl2--Rl5 

614. 608,610,612,614 £ g ft ffl^fcA* ft- 

YSEL1 * YSELO 16 + Jjff*### 

#&# 606 HA ft. £##£#608,610,612 #614 
AJij##fc&#616. £##&#616fc#If 16 
606 #lBftYSEL2*i YSEL3 *a***H>M|A+ 
£ m 616 iB ft* 617,*# iU Y A £ . 

S 16 flf^ffij/^ft ZSEL ftOH3 Jjf &##&#&A. 4M^*# 
ftaE^-N-^HACKfP-ftfttADATA-IN.^fiJfeft* 

£*A#*AiMH£*»£*i*fc#A. 3f##Rl5 gpa#it&# 
PC t^&tyLJk® 13 # ROM &$d& t #&&x£ft#«& 400 
*tt**CCHU>,££*ftfc**ft# l6?1Tft*||^ftil5^ft 

a#flMF**flr* loopen, PC 

fc±-*#*Rl3 * #&R15 J5#&»fc;frpfc&#^-§- RE- 

SET *&ff#3F#4Bt#$##Rl3 tt#g£Aa#it&##;|& 
ARN. 

A® fr&T 

18 * I iB #M Mario J$#S# ttftS 

ffl. ttW^Jpfatf Mario ^fta^^JJf**^^*-? 

S##-*P#. T®&di-#J3^;*£it££:&^# Mario 
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HM Mario &#JH*#.fr&#fr 

R15 ^^*##*#^^^^+J9fM^$4^^^(^|^^# 

*P## 652 #f*. W^^ff i^W^^^^^^-a^-^^ 

#&ft*#4lfi©{iJ^£#fc*(656). 

658 Jff*, K^^fcff^6(4l«ff7iMt#^^#J(7 
^#5fitlt#^^#l!lt^f##l^^3t##lEl^« 654 UHL 
«*ttft*<654)i|*##|^->Mfc*(656). 

X £##£$r(660). ifc£&#^Y HEIGHT (Y i*A)$*<622), 
&%%*%%M&&%&!±fr£#®®jfm S50 tlf*ff(364),« 
Y£#i|*f et#JjTHS*l*<665). #Y HEIGHT 
/f#£$&ff#. #Mfe£#(666). 

j&ftWA^ffl^ft Mario TW&iiJg&S 

"=1 i#&xft£ 

ry=2 ; #&y 

rxl = 3 ?ma^t|x^4 

rxlinc = 4 ; x 

rx2 = 5 ;tf££$Ix#£ 
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rx2inc = 6 . ; ]jf x 
rdy = 7 ;#^y 

rlen=12 i4f2Fit&, *^£(hline)*£ 

rloop=13 i #i£ 

hlines 

miwt rloop, hlines 2 i hline 
hlines 1 

mfrom rxl ix=(rxl)>>8 

mto rx 

mhib 

mfrom rx2 
mhib - 

mto rlen 



msub 
mbmi 
mnop 
mine 



rx 

hlines 3 
rlen 



; £^rlen=(rx2>>8)-(rxl>>8) 
; # rlen<0 ]H!jJ^i± hline 



hlines 2 
mloop 
mplot 

hlines 3 

mwith rxl 
madd rxlinc 
mwith rx2 
madd rx2 inc 
mdec rdy 



;rxl + =rxlinc 



;rx2+=rx2 inc 



;rdy- = l 
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mbne hlines > S£rdy)fc& 

. . 1 _ 

mine ry > ^Tff^T — 

Mario $#*#*tt**&fT*#. KTftllLW*** 

*fc#]*P Super NES-*J:M*H 5 ttifcWJff jlM*ft*P#i 

£fcft^45FttK*###*W*4t*#*5A. Su P er NES 

# A Super NES & ft HA *3# ft ft XEQ *ib «rtt * ^ ^ a 
ROM&1N*104 f $Ai*4HMI. Super NES 
ROM g«#104,M*J«t##ft**fi*#iU!lZ 4ft. Jib 

J:® Super NES ft ROM & 104 ^K^^fe 
-SMfeft Mario # a GO"#&£#. #*#i+ttMAfl**#4fc;feh 

ROM 10 ROM fctfiHMKH 13 406). 

4 £ Super Mario *P#^a#?'J + 

ffi£.:fMoop w flJ Jy ^##R13 

%%&frft%frT&ft. iROMg 
1H».104 +#ROM ^N-H-«t^IiJ 5 fti|-*«£ 200 

^g&tf ##-£-#4*"IWTrloop, hlines ROM &H&ft# 
4A + #*fc*ft$#J| 62. |fc^^N-^^A^^i|^# 
RAM 94. &&fT#4 a lWTrloop, Mines* tf. ft«#T+*#iiit . 
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ROM £*Kt&JM06 5,*ft±V*#<tt**)SAAfi** 

^ RAM 94, ROM 104 + f#H 0 f g 

rom ^i****^*^*****^ z &£ o ^ 

ft***it**. #&R13 #*i»A##Z &£ftf*F£„ £ 

£#.ff#:*-FROM RXl»tf, $l%L%m®.&$ i $L% 
# « * * ft E7#«FROM Y»*#& 602 < JE, ffl 16) . ' £ * A * 
RX1 <*##R3)*«f*#± Y Aft^t^lSft-FROMX- 
ttHft-fcffr Z»$#& 600 (Jlffl 16). 
Mftfrft. ALU #X &ftttft$?*i!rz 

RX(*#*Ri)*T*-;fc*l**fcA. 

* ft'*! & 4 "FROM RX2"*N fttf *P±^i£&fT"FROM 

*R0</8fWjfo#tt#Mf*##>. 

"RLEN * * a SUB RX*# ii A a # * jft * * * a # 

* A ffi#ft*T# RLEN(12)=R0-Rx. A » 

R15 R15 ;fa±##40. #**,R15 *##&ifta#£gIE t 
ftfTINC RLEN»#*#fti**£*##;ip 1 
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a LOOP^^^otfTRl2-Rl2-l #if#„ ^Rl2 * 

**. A Ri5(£#it&&)£± 13 #rt£#jfc£fr##. 
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